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Soybeans are a good cash crop for eastern South
Dakota, which is recognized as the western border
of the soybean belt. Soybeans are drought resistant
and have no marked critical period during the
growing season. These make soybeans well adapted
to the vagaries of weather in this area.

How a soybean grows
The life of a soybean plant begins with
germination of the seed. That seed is made up of
two parts, the seed coat and the embryo.
The seed coat protects the embryo from attack by
fungi and bacteria and controls the water absorption
necessary for germination. The embryo is actually
made up of a very small embryonic plant and the
much larger cotyledons or "seed leaves." The
cotyledons make up most of the bulk of a soybean
seed and contain nearly all of the oil and protein in
the seed. The cotyledons supply food to the seedling
plant for about 2 weeks during germination and
early growth.
When the seed has absorbed sufficient moisture
and it is warm enough, germination proceeds
rapidly. The primary root penetrates the seed coat
and rapidly anchors the seedling. Then the arched
stem begins to elongate, pulling the cotyledons
through the soil to the surface. After emergence the
cotyledons take a horizontal position.
The first portion of the soybean plant to emerge is
the arch or loop of stem which pulls the cotyledons
to the surface. The young plant is very vulnerable to
damage when this arch has emerged because if it is
broken by a soil crust or a rotary hoe, the plant dies.
As soon as the cotyledons, or seed leaves, have
turned green they begin to function as leaves. As the
cotyledons open, taking their horizontal postion, two
unifoliate (single bladed) leaves appear. These leaves
grow rapidly while the stem elongates, and soon the
first true leaf forms. This is a small trifolia te leaf (a
single leaf but the blade is made up of three small
portions) like a normal clover or alfalfa leaf.
The two cotyledons are attached to the stem
directly opposite each other, as are the unifoliate
leaves above them. The trifoliate leaves alternate
from side to side on the stem.
The growing point, or terminal bud, is at the top
of the main stem; but there are dormant buds on the
stem where each cotyledon, unifoliate leaf, and
trifoliate leaf is attached. These buds normally
remain dormant but, if the growing point is lost,
one or perhaps two of the buds will become active
and produce new stems and growing points.

However, if the plant is severed or killed back below
the lowest dormant bud, regrowth is impossible.
The soybean plant will usually grow about 6
weeks or a little more before the first flower
appears. Most varieties adapted to this area will
double or triple their height after flowering begins.
Flowers are formed in small groups where the leaves
are attached to the main stem. Flowering begins
near the bottom of the main stem and progresses
upward.
The onset of flowering is controlled by day length
(actually the number of hours of darkness in 24
hours). Most varieties begin to flower soon after the
day length begins to shorten.
Flowering continues for several weeks, but many
flowers are formed that never produce a pod. These
extra blossoms are aborted or shed. The reason for
this is not known. However, this ability to produce
many more flowers over a period of time than it
actually needs makes soybeans, unlike corn, very
tolerant of periods of adverse weather during
flowering.
Relatively few pods are formed from the first
flowers, but pods soon began to appear. Pod

growing point

\

The fleshy cotyledons are part of the seed and first to emerge.
Next are two single leaves, all those following are familiar
three-leaf let soybean leaves.

development continues from the bottom upward at
about the same rate of progression as flower
development.
The pods have reached nearly full size before the
seed begins to develop rapidly. This seed filling stage
is probably the most critical period during the life of
a soybean plant. Anything that interferes with the
normal plant processes at this stage can reduce
yields. Dry weather during this period can reduce
seed size and number of seeds per pod. If it is severe
enough, it can even cause some small pods to abort.
Dry matter, mostly starches and oils, continues to
accumulate even after the leaves begin to turn
yellow. The seeds have usually completed the filling
process and have reached their maximum dry matter
accumulation when all the leaves are yellow and
about half of them have dropped from the plant.
After dry matter accumulation is over, the drying
down process normally proceeds rather rapidly. This
is somewhat dependent upon weather.

Photos courtesy of Modern
Production, W.O.
Scott and S.R. Aldrich , S&A
Publications, Champaign , Ill.

Soybean

Soybeans in the rotation
Soybeans can be used anywhere in a cropping
sequence but normally should not follow another
legume. Like alfalfa or any other legume, soybeans
can obtain any needed nitrogen from the air so
should not be expected to respond to the nitrogen
released by plowing down a legume.
Soybeans can follow soybeans, but this could
increase soil erosion because soybeans leave the soil
loose and without much trash cover.
Corn, small grains, or flax are all good crops to
follow soybeans (Table 1).
Table 1. Rotation experiment and 3-year average yieldsSoutheast Experiment Farm, Beresford.
Yield (bu/A)

Continuous soybeans
Corn/soybean rotation
rotation soybeans
rotation corn

34

39
50

: : :,
~--- - - - - --======-- --::-:--===-- ----=-=--=-=-_..=:_-=--=_:~~
These data suggest that soybeans can be expected to
yield more in a rotation with corn than they would
as continuous soybeans. However, the profitability
of these two rotations would depend on current
market prices for the two crops.

Soybeans for forage
Soybeans make excellent hay of high feed value if
they are cut when the pods are ½ to ¾ developed
and properly cured. Soybeans can also be planted
for silage and mixed with other forage crops such as
Sudangrass, sorghum, millet, or corn.
The soybeans in such a mixture may increase the
yield and will increase the feed value of the forage.
If soybeans are to be used for forage a later and
taller variety is advisable.

Upper: Seedling emergence is a very critical time for the soybean. If the arch is broken by a crusted soil or rotary hoe, the
plant dies. Middle: Soybeans need a headstart on weeds,
because both grow at about the same rate. Till before and
twice after planting before beans emerge. Lower: Don't throw
large amounts of soil into the row during cultivation; you may
miss lowest pods during harvest.

Production practices
Soybeans are generally grown much like corn.
Beans are commonly planted and cultivated with
corn equipment in 36- to 40-inch rows. When the
same equipment is used for both corn and soybeans
the main differences are in fertilization, weed
control, seed inoculation, and harvesting.
Seedbed preparation
Soybeans can be planted at a more uniform depth
in a relatively firm seedbed than in a softer bed.
Depths of 1-2 inches have been satisfactory. A
uniform job of planting on a firm seedbed assures
quick, even germination and emergence. Since
weeds are often a problem, at least one tillage
operation should be performed immediately before
planting to kill weed seedlings.
The effect of tillage methods on soybean yields
was also studied at the Southeast Experiment Farm.
The tillage implements included a moldboard plow,
tandem disk, a chisel plow with twisted points, a
chisel plow with sweeps, a spike toothed harrow,
and a rotary stalk chopper (Table 2).
Table _2. Effect of tillage method on soybean yields, Southeast
Experiment Farm, Beresford.
Tillage treatment

Fall

Disk-plow
Chop-twists
Chop-twists
Chop-sweeps
Disk

have responded to 20-inch rows. Early soybean
varieties tend to have smaller plants than later
varieties. Therefore, it seems likely that there would
be more advantage to narrow-row soybeans with
earlier varieties.
Planting with narrower row spacings tends to
cause the plants to grow taller and to bear pods
higher off the ground, which makes combining
easier and reduces the losses. Cultivation is more
difficult in narrow rows, and weed control may be
reduced.
Soybeans have been successfully planted with a
grain drill in very narrow rows. However,
cultivation is not possible if the herbicide should
produce less than satisfactory control. Since the
soybeans will grow taller, drilling should only be
attempted with a lodging resistant variety.
Use good seed
Plant only seed of good quality and high
germination and only sound seed, free of mechanical
injury. Soybean seeds that have severely cracked
seed coats will not absorb water normally. Those
that do germinate often produce abnormal or
stunted seedlings. Certified seed of a recommended
variety assures you of getting the adapted variety of
choice and seed of high quality.

(Yield bu/A),
Spring

average

Disk-disk-drag
Chop-sweeps-disk-drag
Disk-plow-disk-drag
Disk-drag
Disk-drag
Sweeps-drag
Sweeps-drag
Disk-drag

31

29
31

28
28
27
28
29

These data show that satisfactory soybean yields
can be produced with several different tillage
systems and tillage implements. However, the
researchers concluded that it was vitally important
to use a harrow after the disk or after the chisel
plow to produce a seedbed for satisfactory planting
and even emergence.
Row widths
Most studies done in the central corn belt states
have shown yield advantages for narrow-row
soybeans. Research in South Dakota has shown an
increase for 30-inch rows when compared to
conventional 38- to 40-inch rows. However, no
advantage for 20-inch over 30-inch rows was shown
(Table 3).
Table 3. Soybean row width and yields (7-year average)
Southeast Experiment Farm, Beresford.
Row width

Yield , bu/A

20 inch
30inch
40 inch

31
34
31

This work was done with Corsoy, a branchingtype soybean variety. A more upright variety might

Inoculate seed
The soybean is a legume, and with the proper
,bacteria it can provide most of its own nitrogen.
These bacteria form nodules on the soybean roots
and are essential to fixing nitrogen from the air. For
successful results, it is important to inoculate the
seed with the specific bacteria, unless well nodulated
soybeans have been grown recently on that field.
Commercial bacteria cultures are convenient and
·easy to use.
Pre-inoculation has not given consistently good
results. You should reinoculate just before planting.
Soybean varieties
The varieties in Table 4 include those currently
being recommended, and most of the varieties which
have been widely grown in recent years.
All soybeans are edible, but the large seeded
varieties have been developed primarly for human
consumption. Most of these varieties are produced
under contract and exported. Japan has been the
primary market for these soybeans.
Fertilizer
Soybeans are like other legumes in their nutrient
needs. Proper inoculation of seed usually will assure
that the crop will be able to. supply most of its
nitrogen needs.
Soybeans are relatively heavy users of phosphate
and potash. Soybean response to fertilizer is rather
inconsistent. Recent evidence suggests it is profitable
to apply fertilizer containing these two elements
where they are needed.

Table 4. Common soybean varieties for South Dakota.

Variety

Amsoy 71
Benson
Chippewa 64
Clay
Coles
Corsey
Evans
Harcor
Hark
Harlon
Hodgson
Hodgson 78
Rampage
Sloan
SRF 100
SRF 150
SRF 200
SRF 307
SRF 350
Steele
Swift
Wayne
Wells
Wells II
Wirth
Woodworth

Origin

Ind.
Ind.
Ill.
Minn.
Iowa
Iowa
Minn.
Can.
Iowa
Can.
Minn.
Minn.
Iowa

Year of
release

71
69
64
68
76
68
74
75
66
75
74
78
69
77

SRF
SRF
SRF
SRF
SRF
Minn.
Minn.
Ill.
Ind.
Ind.
Iowa
Ill.

70
70
73
73
73
72
72
64
73
79
70
74

Color
Maturity

+3
+5
-7
-18
+3
0
-14
+2
+1
-13
-7
-6
-1
+7
-9
-2
+2
+12
+15
-6
-12
+12
+1
+1
-6
+13

Hilum

Flower

Pubescence

Pod

Purple
Purple
Purple
Purple
Purple
Purple
White
Purple
Purple
White
Purple
Purple
Purple

Gray
Gray
Brown
Gray
Gray
Gray
Gray
Gray
Gray
Gray
Gray
Gray
Brown

Tan
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown

Yellow
Imp.Black
Black
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Yellow
Buff
Buff
Buff

Purple
Purple
Purple
White
White
Purple
White
White
Purple
Purple
Purple
White

Tawny
Gray
Gray
Brown
Brown
Gray
Tawny
Tawny
Gray
Gray
Brown
Tawny

Brown
Brown
Tan
Brown
Brown
Gray
Brown
Brown
Brown
Brown
Brown
Tan

Buff
Yellow
Yellow
Brown
Black
Yellow
Black
Black
Imp.Black
Imp.Black
Black
Black

Seed
coat
lustre••

Resistance to
Phytophthora
Lodging
root rot

s
s
s
s
D
D
D

s

D
D
D
D

s

R
R
R

s
s
s

R
R

s
R
s

R

s

Yes
No
No
No
No
No
Yes
No
No
No
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
No
No
No
Yes
Yes
No
No

No
No

D
D

s

s
R
s
s

D
D

R
R

D

MR

Good
Excellent
Good
Good
Good
Good
Good
Fair
Excellent
Excellent
Excellent
Good

s
s

Good
Good

R

s

R
R

s

s

PVP*

Fair
Good
Good
Good
Good
Fair
Good
Fair
Excellent
Good
Good
Good
Good

Large seeded varieties intended primarily for export and human consumption
(a market for these varieties should probably be negotiated before they are grown)

Grande
Marion

Minn.
Iowa

76

-12
+ 10

Purple
Purple

Brown
Gray

Tan

Yellow
Buff

D

s

•p1ant Variety Protection-Certification Option :To be sold by variety name only as a class of Certified seed .
= Shiny
D = Dull

••s

When the soil tests low in phosphate, fertilizer
applications can produce large soybean yield
increases. Soybeans will normally respond to starter
fertilizer. Recommended rates for low testing soils
would be 30 to 45 lb P2O 5 • It's unlikely that soils in
the soybean growing area would test low in potash
or that you would get yield increases from adding
K2O.
Some years iron deficiency symptoms are observed
on soybeans on moist sites. Minnesota research has
shown that iron componcts sprayed on the plants
before the third trifoliate leaf stage will alleviate this
condition.
Date of planting
Traditionally soybeans have been planted right
after corn. Soybeans are a warm weather crop and
should not be planted in cold soils. The. threshold for
soybean germination is about 50 degrees, but when
soil temperatures at planting depths are in the
mid-60s soybeans can be expected to emerge about a
week after planting.
The other factor which has an important effect on
planting dates is day length. The differential
response to day length is what determines whether a
soybean variety is early or late maturing.
A late maturing variety planted early must still
wait until the long days of summer to initiate
flowering; and this will occur at about the usual

time for that variety. Early varieties, on the other
hand, react differently. They were developed to
flower during short days so they rush frantically to
flower, set seed, and mature. This causes abnormally
short plants and reduced yields.
The tradition of planting the corn first and beans
later seems to be well grounded in fact. Planting
dates during the second, third and fourth weeks of
May should be sucessful from southeastern to
northeastern South Dakota.
Rate of planting
Soybeans have a great ability to adapt to varying
plant populations. Most growers probably overplant
rather than underplant, but the penalty for a
reduced stand is generally small.
Because of the great variation in seed size between
varieties and even between the same variety in
different years, planting rates cannot be
conveniently reduced to pounds per acre. Research
at the Southeast Experiment Farm indicates that
150,000 plants per acre is sufficient for maximum
yield (Fig 1). This allows a margin for error without
penalty.
These figures show final plant population, not
seeds per acre. The seeding rate must be increased to
account for the percentage of seeds which will not
germinate (this information is given on the tag); and

35
34
A- - - - -0- - - - - -0 - - - - -

33
Bu /A

<>

32
31

It is more effective if the soil is crusted as a result
of drying after a rain, but it also works on moist
soil.
The rotary hoe can be used until beans are about
6 inches tall. If the crop plants are large, use the
rotary hoe during the heat of the day when the
plants tend to be limp, and less breakage will occur.
The rotary hoe generally is not effective if the soil
surface is too hard or if the weed seedlings are big
enough to develop a green color.

30

-c_
75

100

150

125

175

200

Population in 1000's/A

Figure 1. Effect of plant population on soybean yields
Southeast Experiment Farm, Beresford.
'

an additional 10 % should be added to the seeding
rate for each rotary hoeing. Table 5 shows optimum
seed spacing.

Flextine harrow
The flextine harrow is used in much the same way
as the rotary hoe except that'it must be operated at
2 miles per hour or less. The rotating action of the
flexible tines makes it an effective implement for
killing weed seedlings. A much larger acreage can be
coveied than with the row-crop cultivator.
Several harrowings generally are required to
replace one row-crop cultivation, but three
harrowings cost about the same as the first row-crop
cultivation. A flextine harrow is not effective if weed
seedlings are taller than ¼ inch.

Table 5. Seed spacing for 150,000 plants per acre.
Seeds in 10 feet of row
Germination
Row width, inches

20
30
40

100%

90%

80%

57
86
115

63
95
127

68
103
138

Good uniform stands of soybeans compete more
favorably with weeds.

Weed control
Soybeans are fairly good weed competitors if they
germinate quickly and get a head start on annual
weeds. But soybeans do not germinate in cool soil,
while some weeds do.
The importance of early weed control in successful
soybean production cannot be overemphasized. Just
before planting, make a shallow tillage operation to
kill small weed seedlings. After planting, but before
beans emerge, make at least one, and preferably
two, harrowings.
Better annual weed control can be obtained by the
use of a rotary hoe or flextine harrow and
herbicides. These implements and herbicides are
especially helpful when the soybeans are planted in
narrower rows than the conventional 40-inch rows.
It is usually necessary to plan on at least one row
crop cultivation to get good weed control. Do not
hill soybeans on the last cultivation, for hilling will
cause difficulty in combining.
Rotary hoe
The rotary hoe effectively controls annual weeds
early in the season. Its efficiency depends on using it
at a relatively high speed, 6 to 8 miles per hour,
when the weeds are just emerging.

Herbicides
Several herbicides are available for controlling
annual weeds in soybeans. Herbicides may be
applied preplant and incorporated,' preemergence, or
post-emergence. Tank mixes are available to
combine effective grass and broadleaved herbicides
and to minimize the risk of crop injury where
tolerance is narrow. Be sure to read tbe label on
herbicides before using.
Take extreme care in the use of these herbicides,
or damage to the beans will result. More complete
information and recommendations on use of
herbicides in controlling weeds in soybeans are given
in Fact Sheet 525B, "Chemical weed control in
soybeans," which is revised annually.

Weather conditions
Both frost and h.ail destroy green growing tissue.
Young soybean plants are quite tolerant to cold.
They will often be only slightly burned at'
temperatures that freeze corn back to the ground.
However, they lose this cold tolerance as they grow
and · are quite susceptible to damage by a freak fr~st
during mid-growing season.
If the growing point is destroyed by either frost or
hail before full bloom the adventitious dormant buds
will begin to grow, and very little yield reduction
may be evident. The plant is also quite tolerant of
defoliation from any cause before it blooms.
Both stem breakage and defoliation as commonly
caused by hail become much more damaging after
full bloom. The surplus blossoms have already been
shed and the plant no longer has the ability to
compensate for such damage.
As the soybean plant approaches maturity it once
again becomes quite tolerant of low temperatures.
The ability of soybeans to withstand drought
results mainly from the modified taproot type of root

system. The taproot is not as distinct as it is in
alfalfa nor does it penetrate as deeply. Many
experiments have shown that most of a soybean
plant's total root system is in the upper 6 inches of
soil. In spite of this, the soybean remains a drought
tolerant plant.
The number of roots in the upper 6 inches of soil
explains why deep cultivation is so damaging.
Two experiments at the Southeast Experiment
Farm shed some light on this subject of drought
tolerance. The first is a long-term rotation
experiment. For dry years the yields are given in
Table 6.
Table 6. Corn and soybean yields during dry years at the
Southeast Experiment Farm, Beresford.
Dry years

Average of two rotations, bu/A

Corn

Soybeans

1975
1976

66
36
34
37

Average

43

33
22
29
21
26

1968
1974

The second experiment was planted following
alfalfa in 1976 which was an extremely dry year.
Alfalfa is a tough crop to follow in a rotation
because its deep root system and high yield potential
allow it to extract most of the available water (Table
7).
Table 7. Corn or soybeans after alfalfa in a dry year, Southeast
Experiment Farm, Beresford.
1976 crop

Corn
Soybeans

Bu/A

Dec '76 price

Returns/A

31
16

2.10
6.50

$65.10
104.00

These data suggest that soybeans are a better
choice than corn in a dry year whenever one bushel
of soybeans is worth as much as two bushels of corn.

Harvesting
"Direct combining" is the most common method
of harvest. The cutter bar should be set as close to
the ground as possible. If the rows were hilled
during cultivation, you won't be able to harvest the
lower pods, causing a loss of 2-5 bu/ A.
Harvest should be delayed until the moisture
content of the beans is 14 % or less. But if harvest is
delayed until the beans are very dry (9-10 % ) , excess
shattering losses and cracking will occur.
Most harvest losses are preventable. Four seeds per
square foot on the ground represent a loss of about l
bu/ A. Attempt to prevent any losses above this level.
Lodged plants or branches often are missed in
combining. A special attachment reel with extended
fingers is available to help prevent some of this loss.
Splitting and cracking beans in the threshing
operation is caused by either running the cylinder
too fast or threshing when the beans are too dry.
Damaged beans will not germinate normally and
can cause problems in storage. The cylinder speed
should be reduced as much as possible to still thresh
out the beans. The concave clearance should be
adjusted to thresh the beans but to keep cracking to
a minimum.
Continuous adjustments and readjustments are
necessary. The combine setting used in the morning
when the beans are tough could cause considerable
damage in the afternoon.
All machinery companies provide an operator's
manual for proper adjustment and operation of their
combines. Read and follow these instructions.
Cracked and damaged beans do not keep well. It
is also unwise to store large quantities of soybeans if
the moisture content is over 13 % . Check the stored
beans occasionally. If trouble is anticipated, ship the
beans, or run them over a fanning mill to remove
the cracked beans and foreign material.
Issued in furtherance of Cooperative Extension work, Acts of May 8 and June 30,
1914, in cooperation with the USDA. Hollis D. Hall, Director of Cooperative Extension Service, SDSU, Brookings. Educational programs and materials offered without
regard to age, race, color, religion, sex, handicap or national origin. An Equal Opportunity Employer.
File: 1.4-6-5,000 revised at estimated 11 cents each-5-79mb-3099A .
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